• Introduction
Several studies have been undertaken on the preferred orientation in polymers. It has been considered essential to be able to construct pole figures capable of showing high resolution. In order to analyse effects giving rise to complex orientations, it is necessary to. be able to determine the pole maxima to within one or two degrees. The success of using pole figures in an investigation of the texture of heavily drawn high density polyethylene has been reported recently (Lewis, Wheeler, Maddams & Preedy, 1971 ). Because of the very large quantity of data which was needed to produce pole figures to the required level of accuracy, it was not feasible to draw them by hand. A computer program was therefore developed which enables pole figures to be drawn on a digital plotter. The program is written in FORTRAN IV for an ICL 1902 and is available on request from the author. This paper suggests a transformation which enables a standard contour mapping program to be employed. The methods involved are discussed, and the main steps in the program are summarized in a flow diagram (Fig. 1) .
The stereographic projection
A pole figure is a contour map, in which the contour lines connect points of equal pole density. To show the effect of preferred orientation, only poles from a given crystal plane are considered. In order to produce a two-dimensional representation, the principle of the stereographic projection may be utilized. Any pole P on the surface of a sphere of radius a can be denoted using spherical polar coordinates P(a, 0, ~0). A pole in the nothern hemisphere (0 _< 0 < 90 °) is projected on to the plane (0=90 ° ) passing through the equator, by joining it to the south pole by a straight line. Similarly, poles in the southern hemisphere (90 < 0< 180 °) are joined to the north pole. The projection Q of the pole P is given therefore by Q(r, ~o) where r= a tan ~/2 6= ,[ 0 0_<0<90 ° t 180-0 90_<0_< 180 ° .
The collection of data using texture goniometers is discussed by Lewis et aL (1971) . Intensity values may be observed at intervals in ~0 round the circles given by 6=6i, i= 1,...,n. The changes in 0 and ¢0 may also be combined to give values at points on a spiral. Both these methods may be used for one pole figure The precision with which the pole maxima may be determined is dependent on two factors, namely the accuracy of the data collection and the coarseness of the grid. In the exFerimental work of Lewis et al. (1971) the intensity values were accurate to within 1 or 2 % and the grid used was the one described above. They found that, at worst, the poles could be located to within 2 ° in ~. If this precision were not adequate, a grid of pitch 2½ ° with intervals of 5 ° in ~0 could be used. This however demands approximately four times as much data collection. An alternative is to retain the original grid and improve the accuracy of the individual readings, possibly by using more X-ray counts per reading.
The contour map
Transformation Consider now a transformation from the grid of data points into a rectangular mesh, suitable for a general contour fiaapping program described below. Denote the nodes of the original grid by (r~,fp~), l<i<m, l<j<n, where r~ applies to points on the outermost circle or spiral arc, and ~0~ (0 _< q~ < 360 °) is used in the normal polar coordinate sense. These points are now divided into the following three groups:
(i) points not on the initial direction, that is those for which ~0~ # 0 • (ii) points on the initial direction and on a circle (iii) points on the initial direction and on a spiral arc, but not (r~, 0i).
A transformation is now made to all the points into cartesian coordinates (x~,yj), 1 <i<m, 1 <j<n. In addition, the points in group (ii) are transformed to (xi,y,+l) , and those in group (iii) to (x~_i,y,,+~). For convenience, we can arrange that x~ = i, yj =j.
To clarify the details of the transformation, consider the example shown in Fig. 2 (r,,~o~)--+(i,37); 1<i<5 (r,,~o~)-+(i-1,37); 7<i<20,
Contour levels
We are now in a position to use a general contour mapping program (Rothwell, 1970; Cottafava & Le Moli, 1969) . The data can be considered as some function f which is presented as a set of values at the nodes (i,j); i= 1,... ,m; j= 1,...,n, of a rectangular grid. It is required to construct k contours at the levels f= w~, i= 1 .... ,k. These levels may be chosen by the user, or alternatively may be calculated so that the difference, d, between adjacent contour levels is constant and given by d= fmax --fmtn k+l
The qth contour level is therefore determined as wg =fro i, + qd.
If any contour happens to be chosen to have the same value as the function at any of the nodes, then the contour level is displaced by 0.01%. There is an exception when the contour level is 0.0, in which case it is altered to some small, machinedependent constant. The reason for these alterations is that in the algorithm adopted for determining the paths of the contours, it is not feasible to take into account a contour passing through a node of the grid.
Interpolation
Consider one of the k contours, at f= w, say. Each contour is treated separately. The procedure for each is to search the m+n grid lines for a set of points, P, where f= w. To do this, some form of approximation to the function has to be made between the nodes. A line/tr approximation has been found to be adequate when the data is only accurate to two or three figures.
Denote by S [i,j] that square of the grid whose edges are the lines x=i, x=i+ 1, y=j, y=j+ 1. Within each such square, the function is assumed to be linear, the function values at the four corners defining this uniquely. For example, on the edge x = i, if w is within the interval [f(i,j), f(i,j+ 1)] then the point (i,y) is /;.: Fig.2 . A commonly used grid.
given by inverse interpolation as
On the otherhand, if w is outside [f(i,j) ,f(i,j+ 1)], then no such point is assumed to exist.
Construction of contours
Having obtained the set, P, of points for which f= w, the problem remains of joining these points to produce the contour, which in general will be in several discrete sections. The four edges of the mesh are searched for the start of an open contour. The contour is then traced through the region until another edge is found.
When all the open contours have been traced, the interior of the mesh is searched for closed contours which are drawn similarly. The algorithm developed for tracing the contour through the mesh is complicated by the fact that two or four points in the set P may be found on the edges of a single square. Consider the square S [i,j] and suppose the contour has been traced up to a point, R, on one of the sides. If there is only one other point, Q, in the square then the contour is traced to this point, and the next square examined, this square being the one which has the edge containing Q common with S [i,j] .
If, however, there are three more points in the square, the following strategy is adopted. The square is searched clockwise and then anti-clockwise to find the two points Q1, Q2 which are on sides adjacent to the one containing the entry point R. The gradient, m, of the contour on entering the square is approximated by the straight line between R and the previous point on the contour. This is compared to the gradients ml, m2 of the lines RQ1, RQ2. If Im-ml] < lm-m2] then the point Q is taken as the next point on the contour. Otherwise the contour is traced to Q2. A difficulty arises when R is the first point considered, in which case the choice between Qx and Q2 is arbitrary.
It should be noted that no strategy for connecting four points in a square can be accurate in all cases, since the function is known only at the four corners. A considerable amount of attention has been given to alternative strategies to the one above. For instance, the connexions can be made to be consistent with the topology of the hyperbolic paraboloid. However from past experience these have been found to fail in more cases than the strategy which has been adopted.
Pole figures
Once the path of a contour in the (x,y) plane has been determined, the points are transformed to the (r,~0) plane by the inverse of the transformation mentioned above. This is achieved by naturally extending the definition of r~ and ~0j for non-integer i and j. The transformed points may now be joined by a smooth curve to produce the contours of pole density. This procedure is repeiated for each contour, thus building up a complete pole figure. Some examples of pole figures are shown ( Figs. 3 and 4 ) which illustrate the accuracy to which the pole maxima may be determined. A title, supplied by the user, is drawn at the head of each figure. The contours are numbered, as defined by the contour key, and these numbers appear at the ends of open contours and also, as an option, at some point on closed contours. Permission to publish this paper has been given by The British Petroleum Company Limited.
